In recent years, the number of reports describing a combination of clinical signs in cattle comprising pyrexia, hindlimb and/or udder oedema and prefemoral lymphadenopathy, consistently associated with Mycoplasma wenyonii infection, has increased. However, infection does not always appear to result in these typical clinical signs, and the factors leading to their manifestation have still to be fully elucidated. This article analyses the available evidence and suggests some options for diagnosis and management.
Mycoplasma wenyonii is a member of the haemoplas mas, a group of haemotropic bacterial parasites, which are found in close association with mammalian erythro cyte membranes. Formerly known as Eperythrozoon wenyonii, the organism has so far been found exclusive ly in cattle and was recently reclassified as a Mollicute on the basis of 16S rRNA and RNase P RNA gene phy logeny. The haemoplasmas have not, to date, been cul tured in vitro and, in common with other Mycoplasma species, lack a cell wall. Other clinically significant members of the group include Mycoplasma suis (for merly Eperythrozoon suis), which infects pigs, and Mycoplasma haemofelis (formerly Haemobartonella felis), which infects cats. All were thought to be host specific, although it has recently been reported that some may be potentially zoonotic, as human infections with M suislike organisms have been reported in China (Yuan and others 2009) Haemoplasma infection in other species may result in haemolytic anaemia, which can be life threatening, particularly in cats. In pigs, infection with M suis may be inapparent but has been associated with anaemia and icterus.
Recently, a second bovine haemoplasma has been discovered in addition to M wenyonii. Candidatus Mycoplasma haemobos has been reported in Switzerland, Germany, China and Japan, but its clini cal significance is unclear. It seems likely that coinfec tion with M wenyonii may increase the pathogenicity of both organisms in a synergistic manner (Hoelzle and others 2011) . Clinical signs of haemoplasma infec tion in cattle are not necessarily confined to the haem atological system. Table 1 summarises the findings of studies reporting M wenyonii infection and associated clinical signs and clinical pathology.
Historical perspective
The first report of M wenyonii dates from 1934 and, since then, the organism has been reported in cattle worldwide. In 1962, the morphology of the organism was described using electron and light microscopy, as well as fluorescent antibody labelling of organisms, which was important in distinguishing between epierythrocytic organisms and staining/slide preparation artefacts. Most early reports described unremarkable haematological consequences of infec tion in adult cows, which included vague malaise, milk drop, inconsistent anaemia and mild leucocyte disturbances (Table 1 ). Blood from these cows caused severe anaemia and severe parasitaemia when injected into splenectomised calves. This helped to confirm infection in animals from which blood samples had been taken, before the advent of molecular testing (see below).
The first full case report in a modern commercial (dairy) cattle setting was published in 1990 in the USA. This report described hindlimb and udder oedema, pyrexia, rough coats and prefemoral lymph node enlargement in dairy heifers, sometimes followed by loss of condition. Parasitaemia was confirmed on blood smears from seven of 10 affected heifers, at the time when clinical signs appeared, and up to 52 days later. In the three other affected heifers, no parasites were observed. Following investigations into potential differential diagnoses, M wenyonii was proposed to be the cause of the clinical signs observed. The incidence of subclinical parasitaemia was not investigated.
In 1994, pyrexia, inappetence, scrotal and hindlimb oedema and subfertility associated with M wenyonii infection were reported in a 16monthold Charolais stock bull. An ejaculate, taken 60 days after the onset of clinical signs, did not contain a spermrich fraction, confirming significant and longlasting infertility in this animal. The authors attributed this to testicular damage caused by interference with normal testicular thermoregulation occurring as a result of M wenyonii associated scrotal oedema. In 1995, a herd outbreak of hindlimb and scrotal oedema was described in a group of Aberdeen Angus fattening bulls. In all of the above cases, epierythrocytic parasites were demonstrated on blood smears from affected animals, but haematologi cal abnormalities were minor and all animals recov ered uneventfully. Subsequent attempts to reproduce the typical clinical signs by inoculating young com mercial beef bulls were unsuccessful, despite the fact that para sitaemia could be confirmed on blood smears from donor animals.
In the UK, clinical signs of hindlimb oedema, pyrexia, and painful, swollen udders in dairy cows, erythrocyte changes notes reference
Eighty per cent of erythrocytes parasitised, maximum 13 per cent decrease in PCV, mild normochromic normocytic anaemia consistent with slight peripheral erythrocyte destruction M wenyonii seen as basophilic delicate rings in both plasma and on erythrocyte membranes. Fluorescein-labelling of parasites using hyperimmune sera proved that parasites were not artefacts Kreier and Ristic (1963) Severe macrocytic normochromic anaemia, M wenyonii detected on blood films of eight of 15 animals examined First report of the organism in Irish cattle Poole and others (1976) Moderate normocytic normochromic anaemia (PCV 0·26, Hb 8·2 g/dl), purple-pink pleomorphic predominantly rod-shaped organisms on the surface of approximately 50 per cent of erythrocytes
Blood from infected cow resulted in fulminating but subclinical infection in one of two experimentally inoculated splenectomised calves Sutton and others (1977) No anaemia or red cell changes, large numbers of M wenyonii on erythrocytes
Outbreak followed movement two weeks previously. Good response to oxytetracycline reported Quinlan (1985) Most haematological findings normal in seven affected heifers, mature neutrophilia (three of seven animals), with slight increase in band neutrophils (one of seven), and mild lymphopenia (two of seven)
Most detailed account of an outbreak to date. Clinical signs confined to heifers, with affected animals appearing to fare worse subsequently but it was unclear if this was attributable to M wenyonii Smith and others (1990) Mild microcytic normochromic anaemia, numerous M wenyonii organisms, especially in plasma between erythrocytes Fertility significantly reduced for at least 60 days Montes and others (1994) Mild microcytic normochromic anaemia, numerous M wenyonii organisms on smears Fertility was affected but recovered Welles and others (1995a, b) Dark staining coccoid bodies on or around a high proportion of erythrocytes (three of three animals), otherwise no erythrocyte abnormalities DGGE in EDTA samples from affected cows revealed as yet unidentified bands. Further work ongoing Scott (2008) No epierythrocytic parasites, mild normochromic normocytic anaemia (one of four animals) DGGE strongly positive in affected cows, but also in a proportion of unaffected cows Strugnell and others (2010) group.bmj.com on November 2, 2017 -Published by http://inpractice.bmj.com/ Downloaded from associated with M wenyonii infection, were first reported by McAuliffe and others (2006) . Although no epierythrocytic organisms were seen on blood smears, M wenyonii DNA was detected and identified in EDTAanticoagulated blood samples from affect ed cows by denaturing gradient gel electrophoresis (DGGE) (Box 1). It was also the first time the tech nique had been used to identify this organism. Scott (2008) also reported identical clinical signs among wellmanaged highyielding Holstein dairy cows. Epi erythrocytic organisms were clearly seen on blood smears from affected cows. DGGE was performed on EDTAanticoagulated blood samples, but the pattern of bands did not suggest M wenyonii infection but, instead, an as yet unidentified bacterium.
Clinical signs
The clinical signs of M wenyonii infection are striking and almost unique (Fig 1) . Hindlimbs 'fill up' with pit ting oedema to the mid tibia, although affected cows are not usually lame. Udder oedema is marked and may result in discomfort when clusters are applied at milk ing. Prefemoral lymph nodes are enlarged and easily palpable. Pyrexia is almost always present, at least in the acute phase, and may result in milk drop, malaise and inappetence. Cows are sometimes extremely depressed and slow. Clinical signs gradually resolve, and a full recovery may take 10 days or longer. To date, pyrexia, and scrotal and hindlimb oedema associated with M wenyonii infection in male animals has not been reported in the UK. However, this aspect of the disease could be of significance in the UK setting if individual bulls were relied upon to serve groups of cows, and where subtle clinical signs, followed by loss of fertility, could be missed. Practitioners should be aware of the potential effects of M wenyonii infection in such animals.
Epidemiology
Based on the limited data in the Animal Health and Veterinary Laboratories Agency (AHVLA) archive, there seems to be a marked seasonal incidence in M wenyonii infection, with most clinical cases being Denaturing gradient gel electrophoresis (DGGE) is a DNA-based test that can detect and differentiate over 70 species of Mycoplasma. DGGE can also be applied to any bacterial species. A PCR is carried out based on the 16S rDNA gene, and the products are separated on a DGGE gel. The banding pattern given reflects the precise DNA sequence and is specific to each Mycoplasma species. DGGE is extremely sensitive and specific, can detect mixed infections, and has the advantage of not requiring the culture of organisms. In the event that a sample gives rise to a banding pattern that does not conform to any previously identified Mycoplasma species, the DNA can be sequenced and checked with sequences logged in GenBank. In this way, new and unusual bacteria can be characterised and, potentially, information shared. This process was used to identify Mycoplasma wenyonii as the organism responsible for the pattern of DGGE bands in the case reported by McAuliffe and others (2006) . Interestingly, it was found that some isolates of M wenyonii gave a slightly different banding pattern on DGGE. This indicates that there is some variation between strains of M wenyonii in terms of DNA sequence. It is currently unknown whether this may relate to the virulence of the organism, but this variation could potentially be significant and might, in future, be used to subtype strains for epidemiological purposes. DGGE will also be useful for the detection and identification of the other recently discovered bovine haemoplasma, Candidatus Mycoplasma haemobos, should it enter the UK.
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Box 2: Possible routes of Mycoplasma wenyonii transmission
Transmission of all haemoplasmas is thought to occur through contact with blood and possibly other bodily secretions. Although the precise mode of transmission of M wenyonii remains unknown, there is evidence that flies, lice and mosquitoes may serve as mechanical vectors, and oral transmission also seems likely. Based on extrapolations from other haemoplasmas, any intervention likely to result in exposure to blood from infected animals is also a potential route of transmission of M wenyonii. This would make needles, rectal examination, castration, disbudding and dehorning, fighting, external parasites and wounds all potential routes of infection. A recent study in Switzerland of an outbreak of fatal haemolytic anaemia in cattle, caused by coinfection with M wenyonii, Anaplasma phagocytophilum, and Babesia and Theileria species, found that 100 per cent of lice (five) and flies (four) collected on the farm were positive for M wenyonii on PCR (Hoffman-Lehmann and others 2004). However, the presence of the organism within arthropods does not necessarily indicate a role for the vector in transmission. The role of mammalian vectors or reservoirs of infection has not been fully evaluated, but most haemoplasmas seem strictly species-specific and, therefore, spread from sheep, deer and other wild and farmed livestock seems unlikely. Furthermore, experimental intravenous inoculation with M wenyonii was not found to induce parasitaemia in either a deer (Dama virginiana) or a goat, both of which were splenectomised (Kreier and Ristic 1963) . (Fig 2a) . This is often cited as the period of peak nuisance fly (Stomoxys and Diptera species) activity, which may suggest (but does not prove) that such arthropods are involved in the transmission of M wenyonii (Box 2). Lice have been implicated in the spread of Mycoplasma suis, and these also tend to be more common in the housed winter period. More work is needed before the role of arthropods can be evaluated.
Cows of any age may be affected, but in one out break investigated at AHVLA -Thirsk, older cows were more likely to manifest clinical signs with parasitaemia (Strugnell and others 2010) . The disease has been more commonly demonstrated in adult dairy cows than in beef suckler cows. Some reports describe clinical signs in youngstock but, so far in the UK, reports have been confined to adult animals.
There appears to have been an increase in preva lence since 2005 (based on AHVLA data), with the number of confirmed outbreaks per year rising from one in 2006 to 10 in 2011 (Fig 2b) . However, this may be a reflection of new and improved diagnostic proce dures (with DGGE developed for M wenyonii in 2006) or an increased interest in this organism. 
Diagnostic approach
If M wenyonii infection is suspected, an EDTA anticoagulated blood sample taken from the coccygeal vein is all that is required to confirm the diagnosis. It is helpful to make blood smears as soon as possible after taking the sample (preferably onfarm), because parasites attach to erythrocytes very loosely and may detach as blood settles out. Smears should be made in a relatively clean environment if possible, as dust and other debris can resemble the parasites on smears. At the laboratory, blood smears are stained with either Giemsa or acridine orange (Figs 3, 4) . However, blood smears for the diagnosis of M wenyonii infection can be insensitive and further work is required to identify any visualised organism. DGGE for M wenyoniispecific DNA can be carried out directly on EDTA blood. A M wenyonii antibody ELISA has been described (Kawazu and others 1990) but has not been evaluated in the UK. It is advisable to also take a clotted blood tube to investigate a few of the more likely differential diagnoses (Table 2) .
Differential diagnoses
A combination of hindlimb, udder or scrotal oedema, pyrexia and prefemoral lymphadenopathy is consid ered highly suggestive of M wenyonii infection. Some of the more likely differential diagnoses are consid ered below and in Table 2 .
Physiologically, causes of peripheral oedema may be divided into four main categories: Lymphatic obstruction;
■ ■
Increased hydrostatic vascular pressure;
Decreased intravascular oncotic pressure (eg, ■ ■ hypo albuminaemia); Increased vascular permeability.
Lymphatic obstruction is rare in cattle but may be seen in oneoff cases as a result of trauma or neopla sia. Increased hydrostatic vascular pressure may result from excessive sodium intake, which has been linked to udder oedema in dairy cows. In cases where limb or udder oedema are seen, diets of affected animals should be assessed for potential excessive overall salt content, as this may be a herdwide problem. The cause of udder oedema in heifers around calving is obscure, but it is probably caused by haemodynamic changes occurring as the mammary gland prepares for large scale milk production, and will usually be confined to firstcalving heifers. Other oneoff causes of increased hydrostatic vascular pressure include congestive heart failure (eg, vegetative endocarditis and traumatic reticulitis) and venous occlusion (eg, damage to the milk vein). Hypoalbuminaemia occurs as a result of many proteinlosing disease processes, including Johne's disease, fascioliasis, parasitic gastroenteritis, chronic inflammatory processes and renal amyloidosis, and could in theory result in peripheral oedema of the type described here. In practice, however, submandibular oedema is more typical, and hindlimb oedema is rarely seen. Vasculitis is usually systemic in cattle and will often result in more severe signs than oedema. It may also be caused by adder bites, septicaemia or bacteriae mia (eg, Salmonella Dublin infection) and certain viral infections (eg, bluetongue). Hypersensitivity reactions (eg, to footbaths) may be seen in distal limbs and these may be mediated through vasculitis.
Suggested treatment and management interventions
Treatment for M wenyonii infection has been attempted with oxytetracycline (3 to 10 mg/kg intramuscularly for three days), which does not appear to shorten the duration of clinical signs; however, one of the authors has observed tylosin (5 mg/kg intramuscularly for three days) to be slightly more successful. Mycoplasma species do not possess a cell wall, so antibiotics that inhibit or disrupt bacterial cell wall synthesis (eg, pen icillins, cephalosporins) will be ineffective. The use of nonsteroidal antiinflammatory drugs to reduce oedema has not been evaluated, but, as the disease does not appear to be painful, this may be of dubious economic value. Corticosteroids may be of more use in reducing oedema, but practitioners must be aware of the risks of abortion if used in pregnant animals.
Reducing fly levels may help to reduce transmis sion, and the use of sterile needles for different ani mals is recommended.
Pathogenesis
Exactly how a bloodborne parasite with a tropism for the erythrocyte membrane causes or contributes to clinical signs of hindlimb and udder oedema is not clear at present. It is likely that subclinical parasitae mia is more common than the manifestation of clinical signs, as evidenced in one outbreak where blood sam ples were taken from all 40 milking cows. In this herd, parasitaemia was more common than clinical signs, but all cows that showed clinical signs were positive for M wenyonii DNA on DGGE (Strugnell and others 2010) . This suggests that M wenyonii may be a neces sary but not sufficient cause of characteristic clinical signs. Based on biopsies of oedematous skin, it was suggested that the oedema might be caused by vascu litis, possibly an Arthustype reaction with deposition of immune complexes in the vascular endothelium. Immunemediated disease is a feature of Mycoplasma infections in other species and humans, and this theo ry sounds plausible, although further work is required. In some cases, there has been an association with recent vaccination, raising the possibility of immune stimulation by adjuvants and precipitation of immune mediated pathology (Strugnell and others 2010) .
Summary
M wenyonii is an enigmatic and incompletely under stood organism, and there is a growing body of evidence suggesting that it may contribute to the clinical signs described in this article, particularly in dairy cows, during late summer and early autumn. Arthropods and events involving blood contact are suspected to be involved in transmission. In general, disease in dairy cows tends to be relatively minor and selflimiting, but reports suggest that infection of stock bulls could have significant effects on male fertility. It is hoped that systematic investigation of additional outbreaks of disease will explain more about the pathogenesis and epidemiology of this organism.
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